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Abstract 
Background: Respiratory illness is traditionally regarded as the disease of the growing pig, and has historically 
mainly been associated to bacterial infections with focus on Mycoplasma hyopneumoniae and Actinobacillus pleuro-
pneumoniae. These bacteria still are of great importance, but continuously increasing herd sizes have complicated 
the scenario and the influence of secondary invaders may have been increased. The aim of this study was to evaluate 
the presence of A. pleuropneumoniae and M. hyopneumoniae, as well as that of the secondary invaders Pasteurella 
multocida and Streptococcus suis by serology in four pig herds (A–D) using age segregated rearing systems with high 
incidences of pleuritic lesions at slaughter.
Results: Pleuritic lesions registered at slaughter ranged from 20.5 to 33.1 % in the four herds. In herd A, the levels 
of serum antibodies to A. pleuropneumoniae exceeded A450 > 1.5, but not to any other microbe searched for. The 
seroconversion took place early during the fattening period. Similar levels of serum antibodies to A. pleuropneumoniae 
were also recorded in herd B, with a subsequent increase in levels of antibodies to P. multocida. Pigs seroconverted to 
both agents during the early phase of the fattening period. In herd C, pigs seroconverted to P. multocida during the 
early phase of the fattening period and thereafter to A. pleuropneumoniae. In herd D, the levels of antibodies to P. mul-
tocida exceeded A450 > 1.0 in absence (A450 < 0.5) of antibodies to A. pleuropneumoniae. The levels of serum antibod‑
ies to M. hyopneumoniae and to S. suis remained below A450 < 1.0 in all four herds. Pigs seroconverted to M. hyopneu-
moniae late during the rearing period (herd B–D), or not at all (herd A).
Conclusion: Different serological patterns were found in the four herds with high levels of serum antibodies to 
A. pleuropneumoniae and P. multocida, either alone or in combination with each other. Seroconversion to M. hyopneu-
moniae late during the rearing period or not at all, confirmed the positive effect of age segregated rearing in prevent‑
ing or delaying infections with M. hyopneumoniae. The results obtained highlight the necessity of diagnostic investi‑
gations to define the true disease pattern in herds with a high incidence of pleuritic lesions.
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Background
Respiratory illness is traditionally regarded as the disease 
of the growing pig, and has historically been associated 
with bacterial infections such as Mycoplasma  hyopneu-
moniae [1–3] and Actinobacillus  pleuropneumoniae 
[4–6]. These bacteria still are of great importance, but 
the continuously increasing herd sizes have compli-
cated the clinical picture. As the number of transmis-
sion events between pigs in a population is equal to the 
number of pigs multiplied with the number of pigs minus 
one [x = n * (n − 1)], they will escalate as the herd size 
increase [7]. Thus, the number of transmission events 
between pigs will increase with a factor of around four if 
a population is doubled and with a factor of around 100 if 
a population is enlarged ten times.
The increased number of transmissions between pigs 
may increase the influence of other microbes. M. hyo-
pneumoniae and A.  pleuropneumoniae are important 
pathogenic microbes, but co-infections may intensify 
or prolong clinical signs of respiratory disease [8–11]. 
It has also been observed that the incidence of res-
piratory illness may vary with season [12]. Therefore, 
infections in the respiratory tract of grower pigs have 
become regarded as a syndrome rather than linked 
to single microorganisms [11, 13, 14]. This syndrome 
is referred to as the porcine respiratory disease com-
plex (PRDC). As stated above PRDC is regarded to be 
dominated by bacterial species, and important primar-
ily pathogenic bacterial species include M.  hyopneu-
moniae [1–3] and A.  pleuropneumoniae [4–6]. The 
frequent demonstration of interferon-α in serum in 
growers during the first week after arrival to fatten-
ing herds [15, 16] suggest that PRDC can be associated 
with viral infections, and that PRDC can also include 
the influence of secondary invaders such as Pasteur-
ella spp [17, 18].
When Sweden in 1986 as the first country in the world 
banned the use of low dose antibiotics in animal feed 
for growth promotion, some introductory health dis-
turbances were recorded. As a consequence, a strict age 
segregated rearing from birth to slaughter was imple-
mented in a large scale, which improved health as well 
as productivity [19, 20]. As seen in Fig. 1, the incidence 
of recorded pathogenic lesions in the respiratory tract at 
slaughter decreased during the last decade of the twen-
tieth century [21]. The registrations of pneumonia at 
slaughter has remained stable at that level since then. In 
contrast, the incidence of recorded pleuritis at slaughter 
has continuously increased since the year 2000, as has 
the clinical evidence of actinobacillosis [22]. Discussions 
concerning the reason for this increase has included sug-
gestions of introduction of new strains, or mutation of 
existing strains of A. pleuropneumoniae. However, acute 
actinobacillosis has in Sweden historically been domi-
nated by serotype 2, and is still dominated by that sero-
type [22]. Further, Pulse Field Gel Electrophoreses has 
revealed that strains isolated in the twenty-first century 
were identical to strains isolated in the 1970s and 1980s 
[23]. As a consequence, the increase of actinobacillosis 
and pleuritic recordings at slaughter has merely been 
linked to the continuously increasing herd sizes with 
increasing number of transmissions of microbes between 
pigs, within and between units [22].
The aim of this study was to validate the presence of 
A.  pleuropneumoniae and M. hyopneumoniae, as well 
as the secondary invaders P.  multocida and Streptococ-
cus  suis in pig herds with a high incidence of pleuritic 
lesions at slaughter.
Methods
Herds and general health status
Four pig herds (A, B, C and D) with continuously high 
incidences of pleuritis recorded at slaughter (Table  1) 
were included in the study. All these herds used age seg-
regated rearing with emptying and cleaning of each unit 
between consecutive batches of growers. The pigs were 
weaned at a median age of 31 days (range 28–34) and the 
growers weighted approximately 28 kg when transferred 
to the fattening unit and around 120  kg at slaughter. 
Details of herd sizes are included in Table 2.
Pigs in Sweden are certified free from African swine 
fever, Aujeszky’s disease, hog cholera, porcine epidemic 
diarrhoea, porcine reproductive and respiratory syn-



















Fig. 1 National incidence of pathological lesions in the respiratory 
tract of pigs in Sweden at slaughter during a period of 26 years 
[21]. The figure shows the annual incidence of respiratory lesions 
registered of the entire Swedish pig population. In 1980 around four 
million pigs were slaughtered. In 2014 around three million pigs 
were slaughtered. Pneumonia of mycoplasma type dotted grey line; 
Pneumonia of acute A. pleuropneumoniae type dashed black line; 
Pleuritis black line
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Endemic viral diseases associated to the respiratory 
tract include swine influenza that was introduced in 
1982. At that time, it caused severe disease outbreaks 
but today influenza is rarely associated with severe res-
piratory disease [24]. Porcine respiratory coronavirus 
(PRCV) entered Sweden in 1987, but has never been 
associated with severe respiratory disease [24], nor has 
porcine circovirus type 2 (PCV2). PCV2 was diagnosed 
for the first time in 1993 in a specific pathogen free (SPF) 
herd when exudative epidermitis was diagnosed in one 
batch of piglets [25], which indicated that PCV2 probably 
had existed earlier in the country.
Animals and collection of blood samplings
The study was carried out during the winter season in 
four pig herds with fattening units sized for 400 pigs. 
All herds applied the “all in–all out” system, and clinical 
signs of respiratory disease were monitored. On arrival to 
an empty fattening unit, 10 pens in herd B and 12 pens 
in herd A, C and D were selected. The pens were evenly 
distributed within the unit. One pig in each pen was ran-
domly selected and tagged. Blood samples were collected, 
into tubes without additive, from the tagged pig by jugu-
lar venipuncture within the first week after arrival and 
thereafter every 4th week (week 0, 4 and 8 in all herds, 
and also week 12 in herd A, C and D). The serum was 
removed and stored at −20 °C until analysis.
Registration of pathological lesions in the respiratory tract 
at slaughter
At slaughter, every pig was inspected by the Swedish 
Food Administration, a governmental veterinary author-
ity. Lesions in the respiratory tract were registered 
according to rules set by The Swedish Food Administra-
tion (SLVFS 1996:32 and SLVFS 2002:27). Adhesions 
between lungs and pleura intercostalis larger than 10 cm2 
(a diameter of 3.5 cm) were recorded as pleuritis. Ongo-
ing pneumonic lesions in the cranio-ventral parts of the 
lungs were recorded as Mycoplasma-like pneumonia. 
Acute pneumonic lesions in other parts of the lung were 
registered as A. pleuropneumoniae-like pneumonia.
Detection of antibodies to Actinobacillus 
pleuropneumoniae
Antibodies to A.  pleuropneumoniae serotypes 2 and 3 
(cross reacting with serotypes 6 and 8) in serum diluted 
1/1000 were detected by previously described indirect 
ELISA systems based on phenol water extracts of the 
antigens [26]. The absorbance value in serum diluted 
1/1000 (A450 =  0.5) was used as the limit for defining a 
positive reaction in both tests.
Detection of antibodies to M. hyopneumoniae
Antibodies to M. hyopneumoniae in serum diluted 1/40 
were detected by a commercial ELISA kit (IDEXX M. 
Table 1 Incidence of  pleuritis and  pneumonia registered at  slaughter in  four fattening herds with  high prevalence 
of pleuritic lesions recorded at slaughter during 1 year (mean percentage ± standard deviation)
The table also shows the prevalence of pleuritis and pneumonia during the quarter of a year when serological profiles were established for individual pigs regarding 
antibodies to selected bacterial infections. For details, see “Methods” section
Pleuritis Pneumonia
Mycoplasma-like Resembling acute A. pleuropneumoniae
Preceding 4 quarters 
(%)
Study quarter (%) Preceding 4 quarters 
(%)
Study quarter (%) Preceding 4 quarters 
(%)
Study quarter (%)
Herd A 32.9 ± 1.0 33.1 0.8 ± 0.8 1.2 0.2 ± 0.1 0.3
Herd B 26.7 ± 5.9 21.5 10.0 ± 2.7 7.5 1.4 ± 1.7 0.8
Herd C 19.3 ± 2.6 20.5 1.1 ± 1.1 0.8 1.5 ± 0.8 0.4
Herd D 26.9 ± 11.5 26.1 3.2 ± 4.4 3.8 0.2 ± 0.2 0.3
Table 2 Information about the four herds that participated in the study
Herd A Herd B Herd C Herd D
Category Fattening herd Farrow to finish Farrow to finish Farrow to finish
Pigs slaughtered per year 21,000 15,800 6400 22,000
Merchandise of pigs from 1 herd None None None
Vaccination of growers None None None None
Season studied Winter Winter Winter Winter
Pigs in unit studied 400 400 400 400
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hyo. Ab test, IDEXX, Westbrook, USA) according the 
instructions of the manufacturer. The absorbance value 
in serum diluted 1/40 (A450 = 0.4) was used as the limit 
for defining a positive reaction.
Detection of antibodies to P. multocida
Antibodies to P. multocida in serum diluted 1/1000 was 
detected by a previously described indirect ELISA system 
based on a sonicated whole cell antigen [27]. The absorb-
ance value in serum diluted 1/1000 (A450 = 0.5) was used 
as the limit for defining a positive reaction.
Detection of antibodies to S. suis
Detection of antibodies to S.  suis was made by an indi-
rect ELISA designed for that purpose. The antigen was 
produced by cultivating S.  suis (strain CCUG 4255) for 
18 h at 37 °C on horse blood agar plates. From each plate, 
the whole growth was harvested in 2 ml PBS without Ca 
and Mg (pH 7.4; SVA art no 302800) and ultrasonicated 
(MSE, 60  W ultrasonic disintegrator, Measuring Sci-
entific Equipment Ltd, London, UK) for 5 min per 8 ml 
solution at 1.3 Ampere with an amplitude of 10 µm. The 
ultrasonicated solution was centrifuged at 12,000g for 
20 min at 4 °C (RC2B, Sorvall, Newton, USA). Thereafter, 
the liquid phase was collected and stored at −20 °C.
Each well in a microtiter plate (Greiner Bio-one, Sigma-
Aldrich) was coated with 100 µL of the sonicated antigen 
diluted 1/10,000 in PBS-T in room temperature for 18 h. 
Thereafter the microtiter plate was washed three times 
with PBS-T, and 100 µL serum diluted 1/100 in PBS was 
added to duplicate wells and the plates were incubated at 
37  °C for 1 h. The plates were again washed three times 
with PBS-T and 100 µL of the conjugate (Protein A-horse-
radish peroxidase conjugate, Bio-Rad, Richmond, USA) 
diluted 1/5000 with PBS-T was added to each well and 
the microtiter plates were stored for 1  h in 37  °C. Then 
the plates were again washed three times with PBS-T and 
100 µL of the substrate with tetra methylbenzidine (TMB, 
SVANOVA Biotech, Uppsala, Sweden) was added to each 
well. The reaction was stopped with 100 µL H2SO4 after 
10 min and the absorbance was read at 450 nm by a spec-
trophotometer (Multiscan MCC/340® MK type II, Lab-
system OY, Helsinki, Finland). The results obtained were 
adjusted to A450 = 1.0 for a positive standard serum and 
absorbance values exceeding 0.5 were regarded as positive 
reactions, based on the mean absorbance value +2 stand-
ard deviations of samples from 72 pigs without clinical 
signs of S. suis infection (A450 = 0.26 ± 0.12).
Presentation of serum antibody levels and statistical 
calculations
The levels of serum antibodies are shown as mean absorb-
ance values with standard deviations in Figs. 2, 3, 4, 5. These 
figures also show statistical differences in antibody levels 
between consecutive sampling occasions within herds cal-
culated with the Wilcoxon signed-rank test for matched 
Bacteria/comparison 4 vs 0 8 vs 4 12 vs 8 
A. pleuropneumoniae, 2 * ** NS 
A. pleuropneumoniae, 3 * ** NS 
P. multocida NS * NS 
S. suis * ** NS 














Week after arrival 
Fig. 2 Herd A. Serological profile (mean absorbance ± standard devi‑
ation) of 12 pigs repeatedly analyzed during the fattening period at a 
time when pleuritis was registered in 33.1 % of the pigs at slaughter. 
The figure shows serum levels of antibodies to A. pleuropneumoniae 
serotype 2 (filled square), serotype 3 (square), P. multocida (filled trian-
gle), S. suis (filled circle) and M. hyopneumoniae (filled diamond). Statisti‑
cal differences to the previous sampling occasion are visualized at the 
top of the figure (NS, P > 0.05; *P < 0.05; **P < 0.01; ***P < 0.001)
Bacteria/comparison 4 vs 0 8 vs 4
A. pleuropneumoniae, 2 ** * 
A. pleuropneumoniae, 3 *** NS 
P.multocida * NS 
S. suis * NS 















Fig. 3 Herd B. Serological profile (mean absorbance ± standard devi‑
ation) of 10 pigs repeatedly analyzed during the fattening period at a 
time when pleuritis was registered in 21.5 % of the pigs at slaughter. 
The figure shows serum levels of antibodies to A. pleuropneumoniae 
serotype 2 (filled square), serotype 3 (square), P. multocida (filled trian-
gle), S. suis (filled circle) and M. hyopneumoniae (filled diamond). Statisti‑
cal differences to the previous sampling occasion are visualized at the 
top of the figure (NS, P > 0.05; *P < 0.05; **P < 0.01; ***P < 0.001)
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data. Tables 3, 4, 5, 6 show the number of seropositive and 
the number of pigs tested at each occasion. These tables 
include no statistical calculations since the number of pigs 
tested were too few to allow Chi square analysis, and the 
variance was too low to allow Fisher’s exact test.
Results
There were no clinical signs of severe respiratory disease 
during the rearing of the pigs, but the herd prevalence 
of pleuritic lesions registered at slaughter at that time 
ranged from 20.5 to 33.1 % (Table 1).
Bacteria/comparison 4 vs 0 8 vs 4 12 vs 8
A. pleuropneumoniae, 2 NS ** NS 
A. pleuropneumoniae, 3 * ** ** 
P.multocida ** *** * 
S. suis * * ** 















Fig. 4 Herd C. Serological profile (mean absorbance ± standard devi‑
ation) of 12 pigs repeatedly analyzed during the fattening period at a 
time when pleuritis was registered in 20.5 % of the pigs at slaughter. 
The figure shows serum levels of antibodies to A. pleuropneumoniae 
serotype 2 (filled square), serotype 3 (square), P. multocida (filled trian-
gle), S. suis (filled circle) and M. hyopneumoniae (filled diamond). Statisti‑
cal differences to the previous sampling occasion are visualized at the 
top of the figure (NS, P > 0.05; *P < 0.05; **P < 0.01; ***P < 0.001)
Bacteria/comparison 4 vs 0 8 vs 4 12 vs 8
A. pleuropneumoniae, 2 NS ** NS 
A. pleuropneumoniae, 3 NS ** * 
P.multocida ** ** NS 
S. suis ** NS NS 















Fig. 5 Herd D. Serological profile (mean absorbance ± standard 
deviation) of 12 pigs repeatedly analyzed during the fattening period 
at a time when pleuritis was registered in 26.1 % of the pigs at slaugh‑
ter. The figure shows serum levels of antibodies to A. pleuropneumo-
niae serotype 2 (filled square), serotype 3 (square), P. multocida (filled 
triangle), S. suis (filled circle) and M. hyopneumoniae (filled diamond). 
Statistical differences to the previous sampling occasion are visual‑
ized at the top of the figure (NS, P > 0.05; *P < 0.05; **P < 0.01; 
***P < 0.001)
Table 3 Herd A
Number of seropositive pigs in 12 pigs repeatedly analysed during the fattening 
period at a time when pleuritis was registered in 33.1 % of the pigs at slaughter. 
At week 12, one of the pigs was slaughtered. For details about serum antibody 
levels, see the corresponding Fig. 2
Week after arrival
0 4 8 12
A. pleuropneumoniae, type 2 8/12 12/12 12/12 11/11
A. pleuropneumoniae, type 3 0/12 2/12 8/12 8/11
M. hyopneumoniae 0/12 0/12 0/12 0/11
P. multocida 7/12 10/12 12/12 11/11
S. suis 1/12 4/12 5/12 4/11
Table 4 Herd B
Number of seropositive pigs in 10 pigs repeatedly analysed during the fattening 
period at a time when pleuritis was registered in 21.5.1 % of the pigs at 
slaughter. At week 12, all of the pigs were slaughtered. For details about serum 
antibody levels, see the corresponding Fig. 3
Week after arrival
0 4 8 12
A. pleuropneumoniae, type 2 0/10 10/10 10/10 –
A. pleuropneumoniae, type 3 0/10 3/10 3/10 –
M. hyopneumoniae 0/10 0/10 4/10 –
P. multocida 1/10 10/10 10/10 –
S. suis 0/10 8/10 9/10 –
Table 5 Herd C
Number of seropositive pigs in 12 pigs repeatedly analysed during the fattening 
period at a time when pleuritis was registered in 20.5 % of the pigs at slaughter. 
For details about serum antibody levels, see the corresponding Fig. 4
Week after arrival
0 4 8 12
A. pleuropneumoniae, type 2 0/12 0/12 12/12 12/12
A. pleuropneumoniae, type 3 0/10 0/12 0/12 0/12
M. hyopneumoniae 0/12 0/12 0/12 5/12
P. multocida 8/12 12/12 12/12 12/12
S. suis 0/12 0/12 0/12 2/12
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In herd A, the pigs had seroconverted to A.  pleuro-
pneumoniae serotype 2 already on arrival to the fatten-
ing units (Fig.  2; Table  3), and the levels of antibodies 
increased (P  <  0.05) during the rearing period. There 
were also seroreactors to A. pleuropneumoniae serotype 
3, P.  multocida and S.  suis in the herd, but the serum 
concentrations of antibodies to these microbes remained 
below A450  =  1.0. The herd remained seronegative to 
M. hyopneumoniae throughout the rearing period.
In herd B, pigs were seronegative to all microbes tested 
for on arrival to the fattening unit. After 4  weeks there 
was a clear seroconversion (P < 0.001) to A. pleuropneu-
moniae serotype 2, and also to P. multocida (P < 0.001) 
but with a lower concentration of antibodies (Fig.  3; 
Table  4). There were seroreactors to S.  suis, A.  pleuro-
pneumoniae serotype 3 and M.  hyopneumoniae in the 
herd, but the serum concentrations of antibodies to these 
microbes remained below A450 = 1.0.
In herd C, pigs were seronegative to A. pleuropneu-
moniae serotype 2 and 3, S  suis and M.  hyopneumo-
niae on arrival. At that time they were seropositive to 
P.  multocida, and the concentration of antibodies to 
P. multocida increased (P < 0.05–0.001) during the two 
subsequent sampling occasions (Fig. 4; Table 5). Eight 
weeks after arrival, a clear seroconversion (P < 0.001) 
to A.  pleuropneumoniae serotype 2 was recorded, 
whereas antibodies to M.  hyopneumoniae, A.  pleu-
ropneumoniae serotype 3 and S.  suis remained below 
A450 = 1.0.
Also in herd D, pigs were seronegative to A.  pleuro-
pneumoniae serotype 2 and 3, M.  hyopneumoniae and 
S.  suis on arrival. Regarding P.  multocida, seven out 
of twelve pigs (58  %) were seropositive on arrival and 
the antibody concentrations to P.  multocida increased 
(P  <  0.05–0.001) during the two subsequent sampling 
occasion (Fig.  5; Table  6). In contrast, the antibody 
concentrations to the other agents remained below 
A450 = 1.0 throughout the rearing period.
Discussion
The results obtained confirmed a low pathogen load 
of M.  hyopneumoniae, which concurred well with the 
decreased incidence of pneumonic lesions recorded at 
slaughter following the implementation of strict age seg-
regated rearing systems (all in–all out) in Sweden during 
the 1990s [21, 22] as shown in Fig. 1. It could of course, be 
argued that pulmonary lesions due to M. hyopneumoniae 
heal with time [28, 29], and therefore, infections gained 
during the early rearing period could escape detection at 
slaughter. However, the low levels (A450 < 1.0 in all herds) 
of antibodies to M.  hyopneumoniae recorded show that 
the registrations of pneumonia were correct. Still, the 
slight increase of serum antibodies to M. hyopneumoniae 
at the end of the rearing period in herds B, C and D indi-
cate the presence of M.  hyopneumoniae in these herds, 
and that should not be neglected. The global market 
weight of pigs varies from around 80–180  kg, and is at 
present around 120 kg in Sweden, which is reached at an 
age of 6–7 months. If the market weight increase also the 
rearing period will be prolonged with more days at risk 
for each pig, which may pave the way for clinical signs of 
M.  hyopneumoniae. Although the pathogen load differs 
between Sweden and Italy, it is notable that M. hyopneu-
moniae-like lesions were recorded in 2268 out of 4889 
pigs (45.4  %) slaughtered at an age of 9–10  months in 
Italy [30].
Traditionally A.  pleuropneumoniae has been strongly 
associated with pleuritis [6], and the capability of A. pleu-
ropneumoniae to induce pleuritis was visualized by herd 
A in this study where the serological profile suggested 
A. pleuropneumoniae serotype 2 to be the sole bacterial 
cause of the high incidence of pleuritic lesions recorded 
at slaughter, although a possible influence from viral 
infections [15, 16] not can be excluded. However, the 
high levels of serum antibodies to A. pleuropneumoniae 
(A450 > 1.5) and low levels of antibodies to other bacteria 
(A450 < 1) was concluded to illustrate a classic serological 
pattern (Fig. 2).
Still, the results obtained in herds B, C and D in this 
study suggest that pleuritis in pigs could be a multifacto-
rial syndrome rather than being linked to a single specific 
infection as also has been described by others [11–14, 
18].
The synergistic influence of a secondary invader was 
clear in herd B, where high levels (A450 > 1.5) of antibod-
ies to A.  pleuropneumoniae serotype 2 were followed 
by significant levels (A450 > 1.0) of antibodies to P. mul-
tocida. This suggested a strong influence from P. multo-
cida as also has been suggested earlier [17, 18, 31]. Also 
the levels of antibodies to M. hyopneumoniae and S. suis 
increased to some extent during the end of the rearing 
Table 6 Herd D
Number of seropositive pigs in 12 pigs repeatedly analysed during the fattening 
period at a time when pleuritis was registered in 26.1 % of the pigs at slaughter. 
At week 12, three of the pigs were slaughtered. For details about serum 
antibody levels, see the corresponding Fig. 5
Week after arrival
0 4 8 12
A. pleuropneumoniae, type 2 0/12 0/12 0/12 0/9
A. pleuropneumoniae, type 3 0/12 0/12 0/12 0/9
M. hyopneumoniae 0/12 0/12 1/12 5/9
P. multocida 7/12 12/12 12/12 9/9
S. suis 1/12 4/12 3/12 5/9
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period However, as the antibody levels to these microbes 
remained at low levels (A450 < 1.0) their influence on the 
lung score were considered to be less significant. Thus, 
the serological pattern in herd B suggested A.  pleuro-
pneumoniae serotype 2 to be the main cause of the pleu-
ritic lesions, but these lesions may have been amplified 
by subsequent secondary infections—especially with 
P. multocida.
In herd C the serological response to P. multocida was 
strong (A450 > 1.5) and preceded that to A. pleuropneu-
moniae serotype 2, and the influence of P.  multocida 
therefore should be regarded as even more significant 
in this herd. Still, the increasing levels of antibodies to 
A. pleuropneumoniae serotype 2 at the end of the rearing 
period suggested an influence of A.  pleuropneumoniae 
also in this herd, and it is notable that the levels of anti-
bodies to M.  hyopneumoniae increased slightly during 
the end of the rearing period. As P. multocida is regarded 
to be a secondary invader, something else than A. pleuro-
pneumoniae or M. hyopneumoniae ought to have paved 
the way for that microbe. Although this remain undiag-
nosed in the present study, the frequent demonstrations 
of interferon-α in serum of fattening pigs during the first 
week after allocation [15, 16] indicate that viral infec-
tions may be precursors to P. multocida and the frequent 
findings of different virus in pigs using novel techniques 
[32] support that hypothesis. The early infections with 
P.  multocida may by themselves not necessarily have 
induced pleuritic lesions, but obviously the infection with 
P. multocida already was established as the pigs became 
infected with A.  pleuropneumoniae and colonies of 
P. multocida already on site may have amplified the effect 
of the subsequent A. pleuropneumoniae infection.
The serological pattern in herd D suggested a minor 
impact of A. pleuropneumoniae despite the high fre-
quencies of pleuritic lesions recorded at slaughter. The 
mean concentration of antibodies to A.  pleuropneu-
moniae serotype 2 and 3 remained below the cut off-
value during the entire rearing period. Instead, pigs 
were seropositive to P. multocida already on arrival to 
the fattening unit and the level of serum antibodies to 
P.  multocida increased throughout the rearing period 
in absence of antibodies to the other microbes. This 
clearly indicated that pleuritic lesions may evolve at 
high frequencies also in absence of A.  pleuropneumo-
niae, as also has been suggested by others [33]. Like-
wise, no correlation between A. pleuropneumoniae and 
pleuritis at individual level was seen in herds with low 
incidences of pleuritic lesions recorded at slaughter 
[34]. Instead seroconversion to M. hyopneumoniae dur-
ing the early fattening period was related to pleuritis at 
an individual level in such herds, which indicated an 
influence of secondary infections [34]. Therefore, the 
common presence of serum antibodies to P. multocida 
is of interest. However, in the present study, P.  multo-
cida was associated with a high prevalence of pleuritic 
lesions recorded at slaughter in absence of M. hyopneu-
moniae. Thereby, the true initial cause for these lesions 
still remains unknown and warrants further investiga-
tions. Since viral infections repeatedly has been dem-
onstrated during the early fattening period [15, 16] 
viral infections may well have preceded the serological 
response to P. multocida.
Conclusion
Pleuritic lesions registered at slaughter ranged from 20.5 
to 33.1 % in the four herds. High levels of serum antibod-
ies to A. pleuropneumoniae and P. multocida, either alone 
or in combination, were seen. Pigs in this study sero-
converted to M.  hyopneumoniae late during the rearing 
period (herd B–D), or not at all (herd A), confirming a 
positive effect of age segregated rearing in preventing or 
delaying infections with M. hyopneumoniae. The results 
obtained highlight the necessity of diagnostic investiga-
tions to define the true disease pattern in herds with a 
high incidence of pleuritic lesions.
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